C
ommunity forestry programme is regarded as one of the most successful programme in Nepal (Acharya 2003; NPC 2001; Springate-Baginski et al. 1998) . However, at the same time many believe that community forest management is protection-oriented where the main forest management activities are limited to the removal of dead, dying trees and leaf litter. As a consequence the users are getting suboptimal benefits (Gilmour and Fisher, 1991; NPC 2001; Shrestha, 2000) . In Nepal, the Middle Hills protection area management system is not sufficient to represent the whole ecosystems (HMGN, 2002) , and the management approach applied in community forestry should take a balance between biomass production and biodiversity conservation. It has been argued that change in stand composition is possible in community forestry through different management operations (Jackson and Ingles, 1994) .
Department of Forest Research and Survey (DFRS)
is working to investigate forest management options appropriate to addressing local specific variations related to biodiversity conservation. The conventional research approach is not always appropriate to find solutions of such problems. Realizing this, participatory research approach is increasingly being considered to investigate the problems and find out solutions. In this process, a study to investigate interface between forest and farm biodiversity was initiated in 2004. The aim was to link biophysical and socio-economic variations in biodiversity conservation issues through community forestry and private farm tree management. The first part of the research was conducted in the middle hills region in 2004. This report is the outcome of the second year research conducted in the two community forests in the foothills in the Terai.
The general objective of the research was to contribute for better understanding in biodiversity conservation in the community forestry. The specific objectives were to:
• Assess the existing forest management practices and their effects on plant diversity; • Identify best practices adopted to conserve plant diversity and • Investigate the role and capacity of users in promoting biodiversity conser vation in community forests.
Biodiversity and community forestry
The word biodiversity was coined by Prof E.O.
Wilson to express total variation of life as a contraction of biological diversity. The components of biodiversity are ecosystem, species and genetic variation. The community forestry is a social process in which user groups share mutually recognized claims to specify their use rights to the management, development and utilization of forest. The issue of biodiversity conservation constitutes of different variables in a community forest. Such variables could be forest management objectives, silvicultural practices, forest resource condition, species diversity, nature and kinds of species, forest products and watershed value, habitat conservation, user's confidences, learning behavior and frequent monitoring and evaluation activities.
Recent evidences indicate that Community Forest User Groups (CFUGs) are slowly moving towards active forest management (Neupane, 2000; Khanal, 2002; Malla, 2000; Wagle, 2002) . The active forest management approach calls for the implementation of various silvicultural and harvesting activities in the forests (Acharya, 1997; Branney, 1996) . Such active forest management by CFUG can lead to an increased supply resulting in increased benefits to users consequently improving the livelihoods of the rural people. The rural people with subsistence agriculture may not put equal value to all plant species growing in their forest and putting equal value to all species may not produce forest products benefits that can be maximized with few selected fast growing and highly demanding species (Acharya, 2003; Rai et al., 2004) . Recent study (Acharya, 2006) has shown that ecological indices such as Shannon-Weiner index (H') is higher in farm land compared to Community forests. In addition, the applications of various silvicultural and harvesting activities in the forests may affect forest structure and composition consequently losing biodiversity. On the other hand, CFUGs might have been adopting innovative practices (best practices) to address biodiversity conservation, which are unknown to other users or development workers. Hence, there is a gap in understanding users' choice on different forest management operations and their effects on biodiversity conservation.
Material and methodology

Study sites
The study was conducted in Nawalpur Saraswoti (Basamadi) Community Forest (CF) and Chakradevi Community Forest in Makawanpur district. These two forests were located in similar geographical and ecological conditions. It was assumed that, the only difference is in forest management practices which have implications on biodiversity conservation. Table 1 .
Methodological approach
The following methodologies were used to gather information in the study.
Questionnaire Survey
Semi-structured questionnaire survey was conducted among the users of the forests. The questionnaire was about the forest management and silvicultural activities, species preference and selection criteria, importance of biodiversity and demand and supply situation of the forest products.
Social and Resource Mapping
Participatory social and resource maps were prepared to collect the information on the distribution and condition of forest resources. It was also useful to obtain the perception of nearby and distant users towards forest management issues.
Focus Group Discussion
Focus group discussion was conducted to obtain the information on forest management and silvicultural activities carried out in the forests, species selection criteria and preferences, varying perceptions towards management and biodiversity conservation issues. The discussions were concentrated mainly in the male, female and ethnic groups and groups of closest and distant users.
Key Informants Survey
A survey was conducted with the key informants like teachers and users' group committee executives to collect the information on the forest management and biodiversity conservation practices, species preference and nature and status of forest resources in the forests.
Species Ranking
Species preference ranking was carried out on the basis of different criteria made by the users. Likewise pair wise ranking of most preferred 15 species was done. Ranking was done in different interest groups of the users. The method was very useful to identify species selection criteria and most preferred species in the community forests.
Users' Mass Meeting
Detailed discussion was done in users' mass meeting to triangulate the information found from different sources. The additional information on the forest products, management and silvicultural activities and biodiversity conservation issues were obtained from this discussion.
Stakeholders' workshop
A workshop with participation of all the stakeholders was organized. Chairperson and other active members, men and women, of the two CFUGs, District Forest Offices staff, Biodiversity Sector Programme for the Terai and Siwaliks (BISEP-ST) staff and other stakeholders had participated in the workshop and shared their views on the forest management and biodiversity conservation in community forestry. The workshop was useful to identify roles and responsibilities of different stakeholders in biodiversity conser vation in community forests.
Forest Resources Inventory
Forest resources inventory, as per the inventory guidelines, was carried out in both of the forests. The inventory was carried out with 0.5 % sampling intensity. The Diametre at Breast Height (DBH) of trees of and above pole stage was measured while the number counted for all others i.e. seedlings and saplings, herbs, shrubs, grasses and climbers.
Review of OP and constitution and other literatures
Operational plans and constitutions of the CFUGs and published and unpublished literatures related to the study were reviewed mainly from the District Forest Office (DFO), Makawanpur.
Limitations
The study was limited to the plant diversity in the community forests. As baseline information was lacking, users recalling was used as one of the most important data source.
Results and discussions
Profiles of local stakeholders
The CFUGs are executive agencies for the management of community forests. The technical advice is being provided by the DFO located at the district headquarter and territorial offices. In addition, the support staff were overloaded with increasing workload due to the expansion of the programme. Civil society organizations such as NGOs, federations of forest users groups were increasingly acting as service providers to the CFUGs. The DFRS was responsible to execute this research in collaboration with the stakeholders.
Participation in field research
The identification of objectives and the research issue was not participatory at users' level. However, the agenda were discussed with all the stakeholders and a set of process was followed at various levels. There were several interactions at the beginning in the district level, before finalizing the CFUGs to be studied. Table 2 illustrates how the process was followed and kinds of activities were performed.
There was an active participation from different stakeholders including women groups. The preliminary analysis and initial outcomes of the field were shared among the stakeholders.
Forest management operations
Forest scientists have defined forest management as the application of the knowledge, which has been acquired in all branches of forestry and the allied sciences to the management of forests in the interest of man (Jerram, 1983) where silviculture is a component. Silviculture includes a range of activities and operations to the forest. However, the CFUGs understand two silvicultural activities namely "Godmel" and "Jhadi safai" as substitute of forest management. The terms "Godmel and Jhadi safai" mean removal of shrubs, climbers and low quality timber species (Kukath) to create favorable environment for the desired species. It can be inferred that present forest management strategy is directed towards the production of medium term to longterm products, mainly wood products. The nature of understanding on forest management was found to be similar to earlier study by Acharya et al. 2004 . However, users were also aware of the fact that every living being on the earth has rights to survive.
The CFUGs were predominantly applying selective felling, singling, thinning, pruning, lopping, and weeding/cleaning operations followed by plantations, soil conservation work and leaf litter collection. These forest management operations were carried out depending upon the nature, kind and conditions of the forests. The application of such activities may promote uniformity in species composition, spacing and canopy development.
The Nawalpur Forest was handed over as CF in 1996.
The forest was divided into 5 blocks. Forest management activities like removal of dead and fallen trees, shrub and climber cutting (particularly thorny species and Eupatorium), thinning, pruning, singling and plantation were carried out each year.
The Chakradevi Forest was handed over in 1997. to the local communities. The whole forest was divided into five blocks. One block was designed to be treated each year applying forest management activities including shrub and climber cutting (Jhadi safai), pruning and singling and plantation as required. However, the main forest management practice adopted was the removal of dead and fallen trees which was recognized as passive forest management.
Number and nature of species
Both the community forests were dominated by Sal (Shorea robusta). A total of 160 plant species were recorded in the two CFs (Annex 1). A total of 55 tree species were found in the study area, out of which one half (28 species) were common to both of the CFUGs. However, the number of species of all plant life forms was higher in actively managed forest (47 trees and 67 others in Nawalpur Saraswoti compared to 36 trees and 65 other species in Chakradevi). However, unlike tree species, the number of common species of plants other than trees in both the CFs was less. Out of total 105 species, only 38 (1/3 rd ) were common to both the CFs indicating great variation and sensitivity in their existence in two CFs, actively managed and poorly managed.
Species diversity, richness and dynamics
A total of 55 tree and 105 other species were recorded in the two community forests. Table 3a indicates that higher number of plant species was associated with the actively managed forest. The diversity indices of trees in two CFs are not varied significantly (Table  3a) . However, the richness index of tree species is higher in Nawalpur CF than Chakrdevi CF. Higher richness index refers to the higher number of species and the higher number of individuals within the species regardless of evenness in distribution. The richness index was found higher in actively managed forest in previous study which is the case in the present study also. The data presented in Table 3c are not supported by previous study (Acharya et al. 2004) . The previous study resulted in higher relative density of the most dominant species in actively managed forests where as in this case it was observed in passively managed forests. This is also supported by Table 3b . However, Diversity Index (H') is dependent on the distribution of species and their evenness. It is higher in uniformly distributed forest than that with uneven distribution. The higher H' in Nawalpur indicates higher uniformity than in Chakradevi CF where fewer species have higher dominance over others resulting in lower H'. There is a need to relate with other several factors such as level of disturbances and response of the species which is not known. In addition, the lack of baseline data limits the conclusive remarks. Table 3b shows the distribution of various development stages of various life forms in the community forests. The higher number of trees was observed in passively managed forest providing evidences of limited harvesting than in actively managed forests. Similarly, Table 3c indicates higher relative density of Sal species in passively managed forest. It indicated that harvesting operations may create room for various species others than the dominant species.
Selective approach and biodiversity conservation
The CFUGs have developed some criteria to determine the species to be retained or to be removed during the silvicultural operations. The main criteria to retain are the usefulness of the species to fulfill their forest product needs. The criteria to remove a species are shrub, thorny species, dead, dying and damaged individuals of all species, species and individuals competing with main crop and low quality timber species. It obviously leads to selective approach for the species. The users want to retain species that give direct benefits. Multipurpose tree species have higher chances for promotion. The main species preferences criteria in the two CFs (Priority wise) were: 1. Timber 2. Specific use (eg. Sandan has specific use for making plough) 3. Firewood 4. Medicinal use 5. Others (Fodder, Fruits etc.)
The preferences criteria has resulted in the species preferences list as in Table 4 .
Users placed Sal (Shorea robusta) in the top indicating the most preferred species. The users do not prefer low quality timber, shrub and climber species and many of the grasses and herbs. Banmara (Eupatorium adenophorum), Titepati (Artemesia vulgaris), Unnue (Gleichenia species), Damaru (Maclura cochinchinensis) and Maidal (Randia dumetorum) are some of the species, which have no direct use values. In both the community forests, low quality timber and almost all shrubby species were regarded as unwanted species and the management activities were focused towards removing them in favor of Sal. It may lead to monoculture of Sal species. It will have negative implications for biodiversity conservation through community forestry.
The strategy to select species only to maximize wood production having no priority for biodiversity conservation contradicts with earlier studies of Ingles and Jackson (1994) and Dahal (1994) . They claimed that CFUGs are more effective in forest management with higher number of species due to the opportunity to obtain wide variety of products. It would be more logical to point out that CFUGs are more effective to manage with higher number of "useful" species. Aus der Beek et al 1997 claimed that there are specific clauses included in Operational Plan (OP) of the CFUGs to conserve biodiversity and provided examples from 5 CFUGs from Dolkha, however all these conservation efforts are directed to conserve high value tree species such as Quercus spp.
Implications of active forest management on biodiversity
In the early phase, while the major objective of the CF was forest protection, CF undoubtedly contributed for biodiversity conservation. But now, the users are implementing active forest management strategy in the forests towards producing good quality timber. The two silvicultural activities namely "Godmel" and "Jhadi safai" are understood as substitute of forest management. The users have adopted silvicultural activities, as an opportunity to remove all unwanted species from the forest, which of course could be essential to enhance preferred wood productivity. The main targeted plants are shrubs and low quality timber species (Kukath). The "Godmel" may cause altered diversity of tree species and modified forest structure and composition. The "Jhadi katne" may lead to the conversion of shrub land forests to high forest. However, the active management can be utilized as an opportunity to conserve biodiversity where there is possibility of establishing new species other than the dominant resulting in higher diversity. Sustainable biodiversity utilization will promote biodiversity conservation in CF.
Best practices and constraints to biodiversity conservation
The study revealed that CFUGs are increasingly adopting measures for biodiversity conservation in the CF. Few major initiatives observed particularly in Nawalpur CF were:
• Allocation of biodiversity conservation area • Shifting tree selection criteria during thinning from species to tree condition.
• Initiatives to maintain all the plant species during management operations based on the condition of individual plant.
• Species conservation
The biodiversity conservation was constrained by few basic problems. The research has identified following points that can be considered as constraints for biodiversity conservation.
• Inconsistent understanding of biodiversity conservation • Poor know-how on biodiversity conservation and its importance • Problem in identification of medicinal herbs and other NTFPs • Basic needs priority over conservation
Roles of different stakeholders
The CFUGs, service providers and the government's roles to implement biodiversity conservation initiatives in CF is presented in the Table 5 .
Conclusions
Active management practices have influences on structure and composition of forests. Density of Sal is gradually increasing in the expense of low timber and shrub species. This may lead to single species dominated forest and loss of diversity of many plant and animal species. Human induced and rapid conversion of forest structure through species preference and silvicultural operations harms natural environment, ecological processes and biological diversity. Such situation will lead to the creation of modified forest types and ecosystems ultimately effecting ecological functions and services of forests. There are at least three different types of changes taking places in terms of forest structure and composition. Firstly, the forest types are slowly converting from mixed (Sal Mixed) to monoculture (Sal). Secondly, the shrub and tree diversity may gradually decrease. Lastly, the most critical threat is for the shrub species such as climber and thorny species. It suggests that shrub land areas are gradually converting to high forest and shrub land species are gradually disappearing.
The active management does not always lead to species reduction; it depends on the kinds of activities undertaken and specific procedures adopted. The CFUGs have demonstrated innovative approaches to address biodiversity conservation. These are indications that users are able to address these concerns through proper attention by the service providers. However, there is a need to scale up these activities through awareness and by creating favorable environment. In the past, the conservation of biodiversity has been mostly understood in terms of the management of protected areas and natural forests, ignoring the possible role of community managed forests. This traditional view is especially inadequate for the community forestry.
The adoption of approach maintaining species other than Sal during thinning operations, maintaining undergrowth in a forest with sapling and above development stages and retaining of undisturbed area along river side, stream slopes will help conserve biodiversity in CF.
Placing proper attention in the community forestry management process and practices can minimize the conservation threats to biodiversity outside protected areas particularly for shrubs and tree species. The activities related to the awareness creation about the importance of biodiversity at user group level, updating baseline information on biodiversity issues addressing current status, trends and threats, identification of threatened species and their distribution study and biodiversity recording and registration at local level are some of the key areas where immediate action is necessary. Few initiatives adopted by the CFUGs to address the biodiversity issues are to be scaled up. Sustainable utilization of biodiversity through the development of biodiversity based enterprises can be supposed to be beneficial for participatory biodiversity conservation.
